Holocene fjords store ca. 11-12% of the total organic carbon (OC) buried in marine sediments with fjords along southeast (SE) Alaska possibly storing half of this OC (Smith et al., 2015) . However, the respective burial of biospheric (OC bio ) and petrogenic OC (OC petro ) remains poorly constrained, particularly across glaciated versus non-glaciated systems. Here, we use surface sediment samples to quantify the sources and burial of sedimentary OC along SE Alaska fjord-coastal systems, and conduct a latitudinal comparison across a suite of fjords and river-coastal systems with distinctive OC sources. Our results for SE Alaska show that surface sediments in northern fjords (north of Icy Strait) with headwater glaciers are dominated by OC petro , in contrast to marine and terrestrially-derived fresh OC in non-glaciated southern fjords. Along the continental shelf of the Gulf of Alaska, terrestrial OC is exported from rivers. Using end-member mixing models, we determine that glaciated fjords have significantly higher burial rates of OC petro (∼1.1 × 10 3 g OC m −2 yr −1 ) than non-glaciated fjords and other coastal systems, making SE Alaska potentially the largest sink of OC petro in North America. In contrast, non-glaciated fjords in SE Alaska are effective in burying marine OC (OC bio-mari ) (13-82 g OC m −2 yr −1 ). Globally, OC in fjord sediments are comprised of a mixture of OC petro and fresh OC bio , in contrast to the pre-aged OC from floodplain rivercoastal systems. We find that there may be a general latitudinal trend in the role of fjords in processing OC, where high-latitude temperate glacial fjords (e.g., Yakutat Bay, SE Alaska) rebury OC petro and nonglacial mid-latitude fjords (e.g., Doubtful Sound, Fiordland) sequester CO 2 from phytoplankton and/or temperate forests. Overall, we propose that fjords are effective in sequestering OC bio and re-burying OC petro . Based on our study, we hypothesize that climate change will have a semi-predictable impact on fjords' OC cycling in the near future.
Introduction
Over geological timescales, atmospheric CO 2 drawdown can be achieved in part through the net burial of biospheric OC (OC bio ) in sedimentary basins (e.g., Berner, 2004) . OC bio consists of carbon that is fixed via photosynthesis in terrestrial (OC bio-terr ) and marine environments (OC bio-mari ). Petrogenic OC, or OC stored in rocks (OC petro ), represents the largest global pool of OC and interacts with the modern active carbon cycle through rock uplift and weathering (Hedges, 1992) . While some fraction of OC petro can be degraded by microbes during transport and re-burial, allowing components of OC petro to contribute to atmospheric CO 2 production (Berner, 2004; Galy et al., 2015; Petsch et al., 2001) , much of it escapes oxidation and is re-buried in marine sediments, having relatively minimal effects on the modern C cycle (Berner, 2004; Galy et al., 2015) . Overall, the burial of OC bio and oxidation of pansion of vegetation at lower latitudes can result in a change from OC petro -dominated export to one more comprised of OC bio . Fjords from southeast (SE) Alaska, British Columbia and Fiordland, New Zealand reveal latitudinal gradients in concentrations and accumulation rates of sedimentary OC from glacier-to vegetationdominated watersheds (e.g., Cui et al., 2016; Hinojosa et al., 2014; Smith et al., 2015; Smittenberg et al., 2004; Walinsky et al., 2009) . We believe that Holocene fjords provide natural laboratories for the examination of global gradients in the fate of OC petro vs. OC bio .
While past work has explored the sedimentary dynamics between glaciers and fjords (e.g., Jaeger et al., 1998; Syvitski et al., 1987; Ullrich et al., 2009) , linkages between biochemical processes and carbon storage in fjord sediments have received less attention (Hood and Scott, 2008; Walinsky et al., 2009) . Specifically, SE Alaskan fjords are believed to have the highest OC accumulation rates (Hallet et al., 1996; Walinsky et al., 2009) among global fjords (12 to 265 g OC m −2 yr −1 ), with this region possibly accounting for as much half of the total global OC burial in fjords (Smith et al., 2015) . Yet, less is known about the potential burial and export of OC petro and OC bio from within SE Alaskan fjords to the open marine environment. While the relationship between glacial versus non-glacial watersheds and sedimentary OC properties in SE Alaskan fjords has been examined (Walinsky et al., 2009) , details on the fate of changing OC petro inputs are still lacking.
In this study, we posit that SE Alaska re-buries a significant amount of OC petro through bedrock erosion but also represents a significant modern-day CO 2 sink by burying OC bio . In addition, SE Alaska shows distinct sedimentary OC differences between vegetated and glaciated watersheds. Building on the previous work in fjords of SE Alaska (e.g., Walinsky et al., 2009 ), British Columbia (Smittenberg et al., 2004) and New Zealand (Cui et al., 2016; Hinojosa et al., 2014; Smith et al., 2015) , we conduct a multi-tracer comparison of sedimentary OC composition in surface sediments from these regions (with the addition of radiocarbon measurements in SE Alaska) to obtain a more global perspective on 1) differences in how fjords bury carbon, 2) the potential effects of climate change on carbon cycling in fjords, and 3) the potential role of fjords in the global sequestration of CO 2 .
Site description, sampling, and methods

Site description
SE Alaska covers the coastal region from Prince William Sound to the SE Panhandle, with latitudinal ranges between 61 • N and 54 • N. SE Alaskan fjords span a range in watershed characteristics from tidewater glacial in the northern Gulf of Alaska (GOA) to glacier-free and well-vegetated in the southern Panhandle. Relative to Icy Strait (58 • N), northern areas are largely covered by glaciers, while the southern panhandle has a significant amount of bedrock exposure with variable vegetation cover following early Holocene glacial retreat. The bedrock geology of SE Alaska is dominated by accreted tectonic terranes. Coastal watersheds are composed of the Chugach, Yakutat, and Alexander terranes (Plafker et al., 1989) . The watersheds in this study contain mostly marine and marginal marine sedimentary rock of the Chugach/Yakutat terranes, with some contribution of Alexander terrane (schist, marble, greenstone, graywacke, phyllite, and argillite; Winkler et al., 2000) from the Hubbard Glacier in Disenchantment Bay.
Sampling
Eight sampling locations cover a range from glaciated to vegetated watersheds (Fig. 1) . More specifically, multi-core samples are from sites EW0408 76 (multi-core MC 2), 73 (MC 2), and 68 (MC 2) in/near Yakutat Bay (north), and sites 32 (MC 8), 36 (MC 3), and 39 (MC 4) in/near Sitka Sound (south). These two transects represent the inner-to-outer reaches of fjords within distinct watersheds that are currently glaciated in the north (Yakutat) or non-glaciated in the south, which is partially-covered by vegetation and exposed bedrock. In addition, southern sites 43 (MC 4) and 19 (MC 2) are within the relatively small Deep and Crawfish Inlets, respectively, which are both highly vegetated. We use previously published sediment accumulation rates at each site (Ullrich et al., 2009; Walinsky et al., 2009 ) except for station 73, where a revised 210 Pb geochronology is established (Table S5 ; Fig. S3 ).
Methods
Bulk sediment total organic carbon (%OC), total nitrogen (N), C/N ratios, stable carbon isotopes (δ 13 C) are measured after removal of inorganic carbon with acid fumigation, according to the method of Harris et al. (2001) . Samples for OC radiocarbon analysis are combusted and converted into graphite using the zinc reduction method (Xu et al., 2007) . Radiocarbon analyses are made using an Accelerated Mass Spectrometry (AMS) at the National Ocean Sciences Accelerator Mass Spectrometry (NOSAMS) laboratory, using the general radiocarbon methods described by McNichol et al. (1992 Feng et al. (2013) , Goñi and Hedges (1992) , and Hopmans et al. (2004) , with details provided in the supplemental data.
Eight lignin phenols, normalized to OC (Λ 8 in mg 100 mg OC −1 ), are used to trace OC contributions from vascular plants (Goñi et al., 1998) . The compound 3,5-dihydroxybenzoic acid (3,5-Bd), forms largely in soils by bacteria from the breakdown of plant-derived materials (Houel et al., 2006) , is used as a soil tracer. The ratio of 3,5-Bd/vanillyl phenols (3,5-Bd/V) is used as a proxy of relative soil OC versus vascular plant contributions (Houel et al., 2006) . The ratio of vanillic acid to vanillin ((Ad/Al) V ) is used as an index for lignin oxidative degradation. Branched/isoprenoid tetraether (BIT) is used to indicate soil OC inputs relative to marine primary production . Fatty acids are another group of biomarkers for tracing a diversity of OC sources (Bianchi and Canuel, 2011; Waterson and Canuel, 2008) . For example, shortchain fatty acids (SCFAs; C 12-18 ) are considered to have a diversity of OC sources, including terrestrial plants, marine algae, and microbes. In contrast, the even-numbered long-chain fatty acids (LCFAs; C 24-30 ), a major component of leaf waxes, are produced exclusively by terrestrial sources (Feng et al., 2013) . The ratios of terrestrial to aquatic fatty acids (TAR FA ; C 24+26+28 /C 12+14+16 ) have been widely used to indicate relative terrestrial OC inputs (Waterson and Canuel, 2008) .
A ternary mixing model is applied to determine the background OC petro in sediments by assuming a constant OC petro background level in fjord sediments (see supplemental data) (Galy et al., 2008; Leithold et al., 2006) . The OC buried in these fjord sediments is comprised of a mixture of OC petro and non-rock-derived OC bio , which consists of OC bio-mari and OC bio-terr . Then the radiocarbon composition of the bulk OC can be expressed as follows:
where, F mod , F mod-bio and F mod-petro are the radiocarbon compositions of the bulk OC, OC bio and OC petro in sediments. %OC, %OC bio , and %OC petro are the concentrations of bulk OC, OC bio , and OC petro in sediments. The F mod of the OC petro is taken as 0 due to the ancient age of bedrock along SE Alaska. Equation (1) is further modified as (details in supplemental data):
Thus, by plotting %OC × F mod versus %OC on a X-Y plot, the slope of the plot represents F mod-bio and the intercept on X axis represents %OC petro (Galy et al., 2008; Leithold et al., 2006) . In this model, we have two key assumptions. The first is that the background concentration of OC petro is consistent across all samples, with no assumed dilution from phytodetrital inputs. Phytodetrial inputs would contribute inorganic particles having no OC petro , thereby diluting the initial concentration of OC petro in sediments. Station 68-2 is excluded in this model because of its location on the continental shelf where marine phytodetrital material is a likely source, as well as containing bedrock-derived material that may have experienced more significant hydrodynamic sorting during cross-shelf transport. The second assumption is that F mod values of OC bio are uniform throughout the SE Alaska system. In SE Alaska, OC bio is mainly derived from marine (OC bio-mari ) and terrestrial (OC bio-terr ) primary production. OC bio-mari is newly formed and therefore has an F mod value of ∼1.0. OC bio-terr is from terrestrial sources, which likely have a short residence time on land (due to a steep topography), so the F mod of OC bio-terr might be close to 1.0. Hence, we propose that the F mod of OC bio , which is a combination of both OC bio-mari and OC bio-terr , is in general consistent across all stations.
Concentrations of OC bio are calculated by subtracting OC petro from total OC at each site, and then further separated into OC bio-terr and OC bio-mari based on terrestrial and marine δ 13 C binary endmember model (see supplemental data). The relationships can be expressed as follows:
where, δ 13 C, δ 13 C petro , δ 13 C bio-terr , and δ 13 C bio-mari are the bulk OC, OC petro , OC bio-terr and OC bio-mari δ 13 C values. In this study, we used −20h and −26h as the δ 13 C end-member values for OC bio-mari and OC bio-terr based on the ranges of sedimentary OC δ
C values
and proposed end-member values (Walinsky et al., 2009) . A value of −25.4h was used as the OC petro δ 13 C end-member value by averaging bedrock samples and river suspended particles from SE Alaska (Walinsky et al., 2009 ) (see supplemental data). For statistical analysis, a one-way ANOVA is performed to test for any significant differences between independent groups of variables at the 95% confidence interval. Principle component analysis (PCA) also is performed to discriminate for any other controlling variables linked with bulk and biomarker patterns in sediment samples. All parameters are mean-normalized.
Results and discussion
OC sources to fjord sediments
Autochthonous source inputs
Bulk sediment OC contents range between 0.3% and 7.2%, with samples from northern Yakutat Bay having significantly lower %OC than all other samples (p < 0.001). Overall, fjord sediments in both northern and southern fjords are relatively lower in C/N ratios (8.7 to 12.8), and are more enriched in δ 13 C values (−21.0h to −24.9h; Figs. 2, S1, Table S1 ) than most other coastal systems (Goñi et al., 1998; Smith et al., 2015) . These values further support the importance of marine (algal) inputs to SE Alaskan coastal sediments (Addison et al., 2013) . There is evidence of higher input of algal OC bio-mari to sediments in the southern fjords compared to the northern fjords, as reflected by more enriched δ 13 C values of −21.7 ± 0.7h compared to −23.7 ± 1.6; p = 0.05, respectively ( Fig. 2 ; Table S1 ). This supports the work by Walinsky et al. (2009) , which had even greater sampling spatial resolution of these SE Alaskan fjords. One possible reason for such relatively high OC bio-mari concentration in these panhandle fjords is due to the occurrence of strong nutrient-rich seawater that intrudes into the fjords and to the greater stratification that occurs in the southern fjords (Addison et al., 2013) . The lower turbidity in the southern fjords (Fig. 1) , which have glacier-free watersheds, also may increase the depth of euphotic zone. In addition, higher nutrient supply, such as dissolved inorganic nitrogen and phosphorus, in glacier-free drainage basins may also stimulate primary production (Hood and Scott, 2008) . As suggested by Walinsky et al. (2009) , there can be significant changes in the composition and overall abundance of phytoplankton in these waters due to a complex suite of oceanographic controls on the nutrient supply (e.g., Weingartner et al., 2009 ). The relatively low sedimentary OC concentrations in the glaciated fjords likely represent low primary productivity because of high turbidity and exceptionally high inorganic sediment accumulation rates due to glacial runoff (Cowan et al., 1997) .
Allocthonous source inputs
Bulk OC radiocarbon F mod values in southern fjord sediments range between 0.93 and 0.97, which are equivalent to radiocarbon ages of 576 and 205 yr, respectively (Fig. 2, Table S1 ), suggesting minimal inputs of OC petro relative to OC bio . This is consistent with the observation that the watersheds in these southern fjords are more vegetated than in the northern fjords. In contrast, F mod values in the northern fjord sediments range between 0.10 and 0.68 and increase seaward along the Yakutat Bay transect, accompanied by lower C/N ratios and more enriched δ 13 C values. This suggests that the sedimentary OC along Yakutat Bay is a mixture of OC petro and OC bio-mari (Fig. S2) .
OC-normalized lignin contents (Λ 8 , sum of eight lignin phenols) in the southern fjords range between 0.68 and 1.79 mg 100 mg OC −1 and is negatively correlated with δ 13 C and C/N values (R 2 = 0.88, 0.91; p < 0.001) ( Fig. 2; Table S2 ), indicative of greater vascular plant input. In addition, (Ad/Al) V ratios (0.27-0.32) in southern fjord sediments are low relative to large river-dominated shelves (Goñi et al., 1998) , suggesting that the vascular plant input in these fjords is relatively fresh. Together, this indicates that fresh vascular plants are a major source of sedimentary OC and its relative abundance in sediments is largely influenced by dilution from marine primary production. Similarly, the dissolved organic matter (DOM) of streams in these watersheds (with minimal glacier coverage) tends to be dominated by aromatic compounds from vascular plants ). Vascular plant material is likely transported into southern fjords from landslides ( Fig. 1) and/or fluvial inputs by rivers draining these forested drainage basins (Addison et al., 2013; ). In contrast, samples along the Yakutat Bay transect (sites 76, 73, 68) reflect minimal input of vascular plant material, based on the low Λ 8 values, which ranged between 0.02 and 0.09 mg 100 mg OC −1 . The high (Ad/Al) V ratios (0.42-1.00) indicate the lignin material that is present is more degraded. Interestingly, these results conflict with earlier work that estimated ca. 25-50% of the OC is terrestrially-derived in the northern fjord sediments (Walinsky et al., 2009 ). These differences are largely due to the end-member model used by Walinsky et al. (2009) , which was based on vascular plant and marine δ 13 C values, without considering OC petro inputs. The δ 13 C value of OC petro is between the values of vascular plants and marine OC, which could cause an underestimation of terrestrially-derived OC, once again revealing the need for obtaining better constraints on OC petro inputs in these glaciated fjords.
BIT and 3,5-Bd/V values range between 0.08 and 0.23, and 0.04 and 0.09 in southern fjord sediments, respectively (Figs. 2, S1 ), indicating significant soil inputs, likely through landslides and/or river transport (Addison et al., 2013) . In contrast, samples along the northern Yakutat Bay transect cluster with the soil indices and lignin degradation indices in the PCA plot (Fig. 3) and have relatively high 3,5-Bd/V (0.24-0.31) and (Ad/Al) V (0.42-1.00) values and low BIT values (0.05-0.08), indicative of some OC input from soils. This suggests that soils are more poorly developed in the northern glaciated fjords than in the southern non-glaciated ones, which is likely related to the more recent retreat of glaciers in the northern fjords.
LCFAs, derived primarily from terrestrial plant leaf waxes, range between 1.06 and 0.52 mg g OC −1 ( Fig. 2; Table S2 ) in southern fjord sediments, indicative of inputs from non-woody vascular plant inputs. Although upper Sitka Sound receives significant amounts of OC bio-terr from rivers, as indicated by the high TAR FA ratio (0.50), the highest %OC and OC accumulation rates are found in the middle reach of Sitka Sound (station 36). Enriched δ 13 C and high LCFAs suggest that OC at station 36 is derived from both terrestrial and marine inputs. In contrast to the highly turbid Yakutat Bay to the north, it is likely that reduced terrigenous particle inputs to Sitka Sound result in minimal water-column particle turbidity that limits primary production (Addison et al., 2013; Weingartner et al., 2009 ). Interestingly, the two southernmost stations (43 and 19) have significantly higher abundances of SCFAs (9.06 and 4.21 mg g OC −1 , respectively) than stations along the Sitka Sound transect ( Fig. S1 ; Table S2 ). When considering that water temperatures in the southern fjords (5-15 • C) are favorable for salmon spawning (Hood and Berner, 2009) , there may be additional sources of SCFAs in Deep and Crawfish Inlets from salmon metabolic products and/or microbial biomass decomposition. Yakutat Bay head (i.e., Disenchantment Bay; 76) sediments have an SCFA content comparable to southern fjord sediments, which may be related to inputs of microbial detritus from glaciers. Microbes living on glaciers have been shown to be a potential OC reservoir (Stibal et al., 2012) . Moreover, microbial-sourced DOM was found to be important in glacial meltwaters in streams ). While we can only speculate at this time, the SCFAs found at station 76 may in part be derived from microorganisms associated with glaciers. The strong tidal currents that mix water masses from the Yakutat Bay up to Disenchantment Bay could be another source of SCFAs (Ullrich et al., 2009 ). The unique composition of OC in Yakutat Bay and the southern fjords (Sitka Sound, Crawfish Inlet and Deep Inlet) suggests that relative glacier watershed coverage and corresponding glacigenic sediment delivery are the dominant factors in controlling composition and accumulation rate of OC bio-terr within SE Alaskan fjords.
Offshore transport of terrestrial OC
Station 68, located on the continental shelf adjacent to the Yakutat Bay and under the influence of the Alaskan Coastal Current (ACC), has higher OC bio-terr inputs (i.e., BIT, LCFAs, Λ 8 ) and a fresher OC signal ((Ad/Al) V , 3,5-Bd/V) than stations within Yakutat Bay (76 and 73). This suggests that OC bio-terr at station 68 is not directly exported from Yakutat Bay but may have been from river discharge (e.g., Alsek; Fig. 1 ), which contributes large amounts of fresh water to the ACC (Weingartner et al., 2009) . Furthermore, fjords have been proposed to be effective in trapping sediments (Smith et al., 2015; Syvitski et al., 1987) and are therefore unlikely to be significant sources of OC bio-terr to shelves. The relatively low terrestrial inputs and degradation signal at station 68, relative to southern fjord sediments, are most likely affected by retention of OC bio-terr in proglacial lakes, such as Harlequin Lake and Tanis Lake (Gustavson, 1975) , during their fluvial transport to the coast (Fig. 1). 
Pathways for the deposition and accumulation of OC
Based on the binary mixing model, the overall OC petro background concentration in SE Alaskan fjord sediments (0.34%) (Fig. 4) is comparable to the OC content (0.33%) of Chugach terrane bedrock (Walinsky et al., 2009) , indicating minimal degradation of OC petro during transport and deposition. Stations 76 and 73 have mass accumulation rates of 33 and 0.9 g cm −2 yr −1 , which result in OC petro accumulation rates of 1113 and 30 g OC m −2 yr −1 ( Fig. 5; Table S3 ), and are higher than any organic carbon accumulation rates reported previously in fjords and continental shelves (Smith et al., 2015) . Extremely high accumulation rates of OC petro in the northern fjords are believed to be largely driven by temperate glacial denudation of sedimentary and metasedimentary bedrock (Hallet et al., 1996; Plafker et al., 1989) . For example, glacier erosion rates in SE Alaska are 10 to 100 times higher than in Norway (0.4 mm yr −1 ) and the Swiss Alps (1.0 mm yr −1 ) (Hallet et al., 1996) . Total sediment accumulation in Yakutat Bay has been estimated to be 190 × 10 6 t yr −1 (Hallet et al., 1996) , which we used to estimate an OC petro burial rate of ca. 570-760 × 10 9 g OC yr −1 . This rate of OC petro burial is very high for a system of this size and to put this into perspective, this is about 2 to 3 times the OC petro burial rate of Bengal fan system . To take this a step further, when considering the total sediment accumulation for a number of different regions in SE Alaskan (including the continental shelf, Muir Inlet, Icy, and Yakutat Bay), estimates exceed 410 × 10 6 t yr −1 (Hallet et al., 1996; Jaeger et al., 1998) . Once again for perspective, this is 2 and 4 times the sediment loads from the Mississippi River (210 × 10 6 t yr −1 ; Jaeger et al., 1998) and all North American west coast rivers (107 × 10 6 t yr −1 ; Milliman and Syvitski, 1992) . This makes SE Alaska potentially the largest sink of OC petro in North America, highlighting the importance of glacigenic sediment inputs along this coastline. The glaciers in this region appear to be efficient in eroding OC petro from bedrock and re-accumulating it in coastal marine sediments for long-term carbon burial, further enhancing the role of exhumation and erosion in the long-term storage of carbon in the lithosphere. However, due to negligible OC petro degradation during transport and deposition, this process does not contribute to the atmospheric CO 2 rise, and therefore has minimal net effect on the modern C cycle. Using end-member mixing models, we estimate that the concentrations of OC bio-mari in the southern vegetated fjords range between 2.2% and 4.8%, which translate to OC bio-mari accumulation rates ranging from 13 to 82 (avg. 39 ± 26) g OC m −2 yr −1 (Fig. 4) . Interestingly, this range is comparable to the total OC accumulation rates in New Zealand fjords (Hinojosa et al., 2014) and several times higher than global continental shelves (Smith et al., 2015) . Once again, Walinsky et al. (2009) report strong evidence for high diatom productivity in these SE Alaskan fjords, particularly in the southern fjords. These high rates of primary production may be linked with intrusions of nutrient-rich waters from the Gulf of Alaska, followed by vertical mixing of nutrients to the surface layer (Addison et al., 2013) . They may also be related to local fluvial inputs of silica and iron, as well as efficient recycling of phosphorus and nitrogen within poorly circulated fjord waters, possibly subsurface open-ocean sources from strong tidal mixing that can entrain nutrients into the euphotic zone (Hood and Scott, 2008; Stabeno et al., 2004) . Thus, the higher productivity in the nonglaciated southern fjords, along with their higher accumulation rates of OC bio-mari suggest that these systems may be hotspots for rapid burial of phytodetritus, which may also suggest efficient sequestration of CO 2 from the atmosphere. If so, these highly productive fjords may act as coastal net sinks for CO 2 , further adding to other coastal sinks, such as blue carbon habitats (e.g., wetlands and sea grasses) (e.g., Chmura et al., 2003) .
Latitudinal comparisons of OC accumulation in fjords in the northern and southern hemispheres
Fjords from high latitude SE Alaska (62 • -55 • N), mid-latitude British Columbia (55 • -48.5 • N), and mid-latitude New Zealand (46 • -44.5 • S), have distinctly different watershed types, such as glaciated, non-glaciated/bare bedrock, and non-glaciated-highly forested, respectively. Along this high-to-mid latitudinal gradient, sedimentation rates decrease dramatically (Smith et al., 2015) . In contrast, mass accumulation rate-normalized OC content in fjord sediments increases from SE Alaska (0.4 ± 2.4%; calculated based on measurements in this study and the data reported in Walinsky et al., 2009) south to British Columbia (1.0 ± 0.2%; Smittenberg et al., 2004) , and then to New Zealand (2.7 ± 1.8%, Smith et al., 2015; Fig. 6 , Table S4 ) -largely due to bedrock inorganic dilu- tion (Syvitski et al., 1985) . OC in the sediments of these three regions is comprised of a mixture of OC petro and OC bio varying in 14 C ages that range from about 18 000 yr (SE Alaska) to less than 200 yr (Fiordland, New Zealand) (Smith et al., 2015; Smittenberg et al., 2004) . Based on our end-member mixing models (supplemental data), we estimate OC concentrations in different latitudinal regions and correct for the age of OC bio (Fig. 6 ). There is minimal variation in the background content of OC petro , which ranges between 0.26% and 0.34% by weight for the three fjord regions (Fig. 6, Table S4 ). It is also important to note that the general OC petro background should be affected largely by bedrock type. For example, fjord drainage basins dominated by volcanic rocks (e.g., Patagonia fjords, Chile, not included in this study) may have negligible OC petro background levels, whereas fjords within uplifted marine sedimentary rock (e.g., SE Alaska) will have higher values. The average 14 C age of OC bio in these three fjord systems varies from modern to about 320 yr old (Table S4 ), suggesting that the majority of the OC bio is modern in age. The fractions of OC bio (defined as OC bio /total OC) are positively correlated with bulk %OC and are higher towards the mid-latitude fjords (British Columbia and New Zealand) (Fig. 6 ). While the dataset is limited, there may be a general trend from high latitude glacial to mid latitude non-glacial fjords in the role of OC petro reburial and sequestration of CO 2 via phytoplankton and/or temperate forests (Fig. 6 ). In the case of the forested mid-latitude fjords of New Zealand, previous work has shown relatively consistent inputs of freshly-produced OC bio from the watershed to fjord sediments; this is further supplemented by periods of rapidly-injected inputs of fresh vascular plant detritus due to seismic and mass-wasting events (Cui et al., 2016) . These inputs of fresh terrestrially-derived plant detritus to fjord sediments result in high burial efficiency that we believe is analogous to rapid burial of phytoplankton described earlier in the southern fjords of SE Alaska and British Columbia (Fig. 5) . Unfortunately, significantly more radiocarbon and biomarker data are needed to further validate this potential latitudinal pattern on a global scale. Previous studies proposed that fjords were effective in regulating CO 2 levels over glacial-interglacial timescales, since fjords bury OC during interglacial periods but mobilize and remineralize pre-deposited OC during glacial advances (Smith et al., 2015) . Large-river and small mountainous river-dominated continental shelves and fjords appear to be the primary centers for the burial of OC in the coastal margins (Blair and Aller, 2012; Smith et al., 2015) . To compare the importance of fjord systems in burying OC relative to large river-dominated open shelf systems and small mountainous river (SMRs)-dominated active margin systems, we summarize surface sediment data from selected regions where such comparison can be made such as US Western Coastal (USWC) margins, Mackenzie River shelf (MRS), Northern Gulf of Mexico (NGoM), and Amazon River Coastal (AMC) shelf (Fig. 6, Table S4 ). We estimate the F mod values of OC bio and calculate the concentrations of the three types of OC in each system based on the end-member mixing models described earlier (see supplemental data). Based on the aforementioned datasets, fjords appear to be more comparable to USWC in OC bio age (modern -322 yr and 558 yr, respectively), but their OC bio is significantly younger (p = 0.01) than that found along large-river-dominated coastal systems (1430-7760 yr). Although river suspended particles in SMRs have been shown to have a high OC petro background (ca. 0.41%; Leithold et al., 2006) , OC petro content in the adjacent shelf sediments is only ca. 0.19% ( Fig. 6 ; Table S4 ), indicative of possible OC petro degradation during transport and deposition in such systems, such as the Ganges-Bramaptura . In contrast, the high OC petro background found in fjords fed by SMRs are likely related to intense deep physical weathering of petrogenic OC that occurs in these systems, usually during short-term erosive events (Blair and Aller, 2012) . Due to the young age of OC bio and high OC petro concentrations found in fjords, these systems may be as or even more efficient than SMR-dominated shelves in storing biologicallyfixed CO 2 and re-burying OC petro . In contrast, large river-dominated open shelf systems have much lower concentrations of OC petro in sediments (0.03%-0.17%) than active margins (Fig. 6, Table S4 ) -likely due to extensive oxidation and dilution of OC petro during sediment transport and temporary storage . Together, these findings further support the notion that fjords and SMRs-dominated shelves are more effective than large-river floodplain systems in sequestering OC bio and re-burying OC petro -largely due to shorter turnover times (Blair and Aller, 2012; Galy et al., 2015) .
Future implications
Sediment flux into glaciated Alaskan fjords occurs primarily during the summer, when glaciers melt and transport bedrock sediment into fjords (Cowan et al., 1997) . Bedrock erosion rates and the subsequent sediment deposition are mainly controlled by glacial ice flux (Jaeger and Koppes, 2015) . Glacial melting and retreat has been found to increase over the past century and is still currently accelerating (Arendt et al., 2002) . If ice flux increases during periods of glacial retreat (Jaeger and Koppes, 2015) , this could likely increase glacier erosion and glacigenic sediment accumulation rates, which may also enhance OC petro re-burial.
In SE Alaska, runoff into fjords reflects the glacial coverage in the surrounding watersheds. In the northern Gulf region, temperature-driven glacial meltwater dominates input to fjords, whereas the southern fjords are more precipitation-driven rainfall dominated systems (Neal et al., 2010) . Precipitation in the southern fjords is >5 m yr −1 and has increased by 10% over the past 50 years (Stafford et al., 2000) . These systems may behave similar to the high rainfall New Zealand fjords in their ability to rapidly bury modern OC, and possibly even sequester CO 2 . Similar to the role of mass-wasting events in New Zealand fjords, an increase in extreme precipitation events in southern Alaskan fjords likely has the potential to enhance OC bio transport via surface runoff and mass-wasting events (Hood and Berner, 2009) .
Although climate change and the associated receding of glaciers may result in an initial increase in OC petro and OC bio export in SE Alaska, long-term and extended glacial melting during the Anthropocene may result in an eventual reduction in total sediment loads at high latitude fjords and continental shelves as they shift from glacier covered landscapes, to non-glaciated and then vegetated landscapes (Cowan and Powell, 1991; Hallet et al., 1996) . The properties of OC within other glaciated fjords may differ from SE Alaska, based on several factors such as OC petro maturity, glacier areal extent, recession rates, ice flux, regional climate, and local vegetation types. Therefore, extending the estimates of OC petro and OC bio burial in SE Alaska to glaciated fjords requires sampling and characterization of fjord sedimentary OC in other regions of the world.
